The aim of the paper is to examine the variability of eastern Mediterranean landscapes using a common mapping framework relying on Landscape Character Mapping (LCM). LCM was adapted to the region's specificities placing emphasis on the area's coastal nature, landform variation, land use, in particular pastoral tradition, and settlement patterns, an important output of this study. We selected six study areas, in four countries namely Cyprus, Greece, Jordan and Lebanon, based on their rich cultural and natural heritage, covering a NW to SE gradient of both environmental and cultural settings. We used commonly employed landscape metrics to quantify landscape diversity in the study areas. Similarity in landscape types among study area was measured using Sørensen similarity index. The Kruskall-Walis test was used to test the variability among countries in terms of landscape character variation due to physical and cultural factors. Linear regression was used to assess whether landscape diversity increases with area size. The work has identified and mapped a total of 69 landscape types, of which 18 are rare. Rare landscape types were related to specific geomorphology or intensive anthropogenic activities, which do not occur elsewhere in the East Mediterranean region. The highest similarity was recorded between islands and between mountainous areas. The larger the area the higher is its landscape diversity. This works fills a gap in Mediterranean and sets a benchmark standard for landscape characterization work in the East Mediterranean, so as to enable much greater consistency between countries in future landscape mapping exercises and, ultimately, facilitate trans-boundary cooperation in landscape-scale nature and culture conservation.
Introduction
Landscape diversity is considered the fourth form of diversity [1] which, in landscape ecology, equates to heterogeneity, and underpins much of the work in that discipline [2] . According to PEBDLS "landscape diversity is the formal expression of the numerous relations existing in a given period between the individual or a society and a topographically defined territory, the appearance of which is the result of the action, over time, of natural and human factors and a combination of both" [3] . This definition provides the foundation for the explanation of landscape diversity of the Mediterranean Basin (MB), a coherent geographical region, which includes parts of three continents Europe, Asia and Africa. In the Mediterranean the diverse climate, geology and topography and the intense and long human footprint has resulted in a rich mosaic of cultural landscapes that characterizes so much of the basin [4] [5] [6] .
Due to the common underlying factors, which have shaped its landscapes, the MB is often considered a relatively homogeneous area. Although it is true to a certain extent that many landscapes of common character are present, there are also many others, which are very different, often as a result of extreme gradients (natural or anthropogenic) which can be recognized in the area. The perceived overall uniformity of the area holds well and has been demonstrated for biological and cultural
Materials and Methods

Study Area-East Mediterranean Basin
Six study areas in four different east Mediterranean countries were selected (Table 1; Figure 1 ). Their selection was based on their rich cultural and natural heritage, to represent a biogeographical gradient (NW to SE), but also a gradient of both environmental and cultural settings. Therefore, it encompasses both islands and continental areas, including mountains, arid and semi-arid areas, but also the imprints of Muslim and Christian traditions, as well as archaeological evidence of past civilizations, all typical of the Mediterranean character:
(a) Cyprus: the study area includes the whole of the island, the third largest in the Mediterranean.
The island is divided into three geomorphological zones, the Troodos Mountain, the Pentadaktylos Range and the Mesaoria plain with rugged morphology and varied geology. The climate is, in general at the drier end of the Mediterranean-type climates. The rural landscape is dominant and usually intermixed with natural elements. The catchment comprises of large urban centers (Irbid and Al Ramtha) in addition to extensive agricultural activities (around 50% of the total catchment area). (d) Epirus (Greece): the study area is predominantly mountainous characterized by significant landscape diversity. High mountains with dense forest cover below 1700 m and alpine meadows at their peaks are traversed by wide cultivated valleys and steep unsettled gorges; cultivated, settled areas and extensive grazed pastures. (e) Lesvos (Greece): the study area includes the whole of the island, the third largest in the Aegean Sea. Agriculture and tourism are the main economic activities on the island. Approximately 41.3% of the island's surface is olive plantations, 34% maquis and garrigue, 17% forest, 4.3% other crops, while the remaining land has various uses such as constructions, wetlands, etc. (f) Lebanon: the study area is approximately 4747.40 km 2 , c.45% of the total area of the country.
It contains 15 cazas that reach an altitudinal range of 1700 m, with exceptions of high peaks in mountainous areas, and low altitudes in deep valleys. Moreover, it encompasses four distinct geomorphological regions, which are: coastal plain, Lebanon mountain range, Bekaa valley, and the Anti-Lebanon mountain range. 
Landscape Character Mapping
The study involved review and evaluation of the LCA methodology in the context of its original principles and objectives as developed and applied in the U.K. The evaluation considered how improvements and additions in the steps involved in UK_LCA methodology will increase subjectivity in the process and better measure the heterogeneity of the eastern Mediterranean landscapes, as described below (Figure 2 ). 
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The study involved review and evaluation of the LCA methodology in the context of its original principles and objectives as developed and applied in the U.K. The evaluation considered how improvements and additions in the steps involved in UK_LCA methodology will increase subjectivity in the process and better measure the heterogeneity of the eastern Mediterranean landscapes, as described below ( Figure 2 ). Mapping procedure: During the implementation, the size of the digitized polygon and which landscape features considered as mappable (mapping unit), was among the most important issues arose during the mapping process. This was overcome by setting the minimum mapping unit (MMU) to 5 km 2 . Mapping was carried out at the 1:250,000 scale and successive GIS maps overlay of four definite variables (Table 1) was carried out for all study areas in order to produce Land Description Units (LDUs). LDUs are the largest homogeneous map unit sharing similar pattern of natural and cultural elements and they comprise the basis for further judgment and decision-making [16] . The procedure starts by dividing the area of interest into physiographic units from contour and geological data. More specifically a topographic map (contour lines of 20 m or 50 m) is added in a GIS followed by a simplified geological map. During onscreen overlay the user defines significant relief variations based on the significant changes of form (distance of contour lines and variation of line shapes) and then delineates new polygons which integrate major geology changes in order to define landform units (combination of contour lines and geology). The resulting units are then further sub-divided by land cover and finally by settlement patterns to derive the LDUs. In every stage the unit is populated by the relevant value or class of each key attribute used. For example: unsettled, densely, medium or sparsely settled in the case of settlements. These units were subsequently amalgamated into Landscape Types (also termed Landscape Character Types -LCTs) with similar physical and cultural attributes [16] . Desk study in a GIS is a core part the landscape character mapping; in this case in an attempt to increased accuracy and speed in gathering landscape information we used Google Earth for reconnaissance purposes prior to fieldwork and for correcting LDUs boundaries following fieldwork. In addition, Google Earth imagery served for identifying current land use/land cover (LULC) thus allowing the refinement of LDUs, where up-to-date mapped data was not available.
Field Validation: Field survey was then carried out in order to validate all the information collated during desktop mapping and to confirm that LDUs corresponded to their mapped definition both thematically and in terms of actual boundaries. A standard field sheet was used in order to make and record observations in a systematic and consistent manner. This included information about the physical aesthetic and perceptual characteristics as well as a brief written description, which captured the overall impression of landscape character.
Typology: The developed typology i.e., nomenclature accounted for important elements, which characterize the Mediterranean landscapes mainly summarized in the following factors: (A) Physical attributes: (i) geomorphology i.e., the inclusion of rugged terrain of hills and mountains, ravines and gorges, as well as plateaus was seen a necessary part of the typology (ii) coasts: MB has a long coast line while 3 out of 6 study areas border the sea, (iii) local distinctness: Fleshing out distinct types present at the national or case study level as described in Section 3.1. (B) Cultural attributes: (i) Settlement pattern mainly reflected by villages and field pattern (ii) Landuse and land cover: a long history of human activity imprinted on land cover. For example the rangelands, reflecting the pastoral tradition [22] [23] [24] and shrublands (i.e., maquis or garrigue) also characteristic of the MB were incorporated.
Landscape Character Types (LCTs) from all countries were entered into a common database. Then, LCTs were subcategorized based on the prominent landform, LULC and settlement pattern (unsettled or settled). Afterwards, based on the description of each LCT an interactive, dynamic process took place, to identify similarities and repetitive patterns among national types. As a general rule, we used the Landform-Land-Use-Settlement pattern to create a broad Mediterranean typology, encompassing the various landscape types identified at Level 1 mapping of the pilot areas. The common EastMed Landscape Typology as derived from the national typologies is showed in the Appendix A.
Landscape Complexity and Diversity
In order to study the complexity of the study areas in terms of landscape types we employed five commonly employed landscape metrics for diversity, composition and configuration [2] namely LCT Richness (LCTR); Shannon's diversity index (SHDI), Shannon's evenness index (SHEI), Dominance, Mean Shape index (MSI). Indices were calculated at the landscape level [25] using V-Late 2.0 beta extension for GIS [26] and were chosen since the may be used for comparison between landscapes of different sizes.
Statistical Analysis
The Sørensen similarity coefficient Ss was employed in order to measure landscape types' similarity between study area pairs [27] :
where, a = the number of common landscape types between two areas, b = the number of landscape types unique to the first of the two areas and c = the number of landscape types unique to the second area. Also, in order to test if there are significant differences in the landscape variation among countries, and if those differences are due to their physical or cultural differentiation we first grouped the LDUs recorded in the six study areas in ten broader landform categories as well as in six broader land use categories. Then we applied the non-parametric K-independent Kruskal-Wallis test following a test for normality (Smirnov-Kolgomorov-Smirnov p < 0.05) for the physical and cultural categories, taking into account the number of LDUs included in each category by country. We also run (log to log) linear regressions to examine the effect of area size on landscape diversity (response variable number of LDUs, number of types, SHFI and SHEI.
Results
East Mediterranean Typology
The highest similarities were between Cyprus and Lesvos, the two sites in Jordan (Mujib and Al Yarmouk), Lebanon and Epirus as well as Lebanon and the two sites in Jordan (SI > 0.4). The lowest similarities between Cyprus and the two sites in Jordan (Table 2) . The landform character of landscapes in Cyprus and Lesvos is predominantly hilly, whereas in Epirus and Lebanon predominantly upland. The Jordanian study areas are dominated by plateaus. In terms of land use, the landscapes of Cyprus, Lesvos and Al Yarmouk are predominantly of agricultural character, in Mujib characterized by the extent of rangelands, while Lebanon and Epirus are predominantly of forested character (Figure 3) .
A total number of 617 LDUs for a total of 69 landscape types at the East Mediterranean level was derived. The resulting East Mediterranean Landscape Typology consists of ten landscape classes based on prominent landform and six classes based on land use (Table 3; Figure 3 ). The predominant landform in the typology is hills (22% of the types) followed by uplands (20% of the types) and mountains (13% of the types). The predominant land use in the typology is agriculture (46% of the types) followed by forest (24% of the types) and rangelands (19% of the types). There are also 18 types which are unique to the areas covered by this study. 
Landscape Diversity
Cyprus with the largest studied area resulted in more mapped Land Description Units (210 in total) and consequently more landscape types (35). All studies areas are diverse, with Lebanon having the highest SHDI value (0.901). Dominance was higher in Cyprus (0.838) and lower in Lesvos (0.246) with the rest of the study areas having intermediate values. The LDUs in Lebanon, Yarmouk and Mujib study areas are the most complex in terms of Mean Shape Index (>2.2) ( Table 4) . Statistical analysis results indicated that, apart from Mujib and Lesvos, for all other sites there was a statistical significant difference in the number of LDUs within the main land cover categories and the number of LDUs within the main landform categories (Table 5 ). In addition linear regressions showed that although most relationships between area and the components of diversity have medium to high predictive power only the relationship between area and landscape type richness was significant (R2 = 0.73, p < 0.05; Table 5 ). 
Discussion
The study has filled a gap in East Mediterranean landscape mapping and typology by setting a benchmark for landscape characterization work in the area, while at the same time, recognized and revealed the distinct landscape character of each study area and the inherent diversity of its landscapes. The typology produced resulted in sufficient variation to describe landscape types while it emphasized elements which are characteristic of Mediterranean landscapes. More specifically it has accounted for the coastal nature of the area, the variety of landforms and has incorporate settlement pattern and land use, in particular pastoral tradition the latter being an important element of Mediterranean land systems [22] .
Although the pace of landscape characterization and mapping has been slower in the Mediterranean compared to Northern Europe there has been significant progress in recent years [20, 28] ). A comparison with the existing typologies which account for Mediterranean landscapes [15, 21] revealed that the first study identified 7 landscape types in the whole Mediterranean Basin while the second 11 landscape types at the 3rd level of classification. Thematically, although there is some correspondence, these are neither detailed nor eastern Mediterranean enough, to capture common as well as rare landscape types of the region as identified by the study. This is mainly due to the coarse mapping scale but also their geographical extent and scope (pan-European). For example, the extensive coastline is usually neglected in many regional and national land based typologies. This has led to the development of Seascapes Assessment and a call for treating islands as separate entities [28] . Rangelands are important elements of the landscapes, culturally and economically, in the Mediterranean and the study areas examined are no exception. Grazing may be year-round or seasonal (transhumance)-or even more sporadic in semi-desert areas. Low vegetation, often with small, spiny shrubs in combination with grasses and herbs have often been mapped as "bare land" in coarse land-use maps with the exception of recent work on Mediterranean land systems [22] in which 27 major land systems, not landscapes, were identified.
The high diversity of landscapes highlighted by our study is expected given the natural and cultural diversity of the study area. The work has identified and mapped a total of 69 landscape types (69) of which 18 rare. Rare landscape types (Table 3 ) are related to specific geomorphology or intensive anthropogenic activities which do not occur elsewhere in the region. The analysis of the landscape categories revealed statistically significant differences among countries apart from the landscape types with predominant landform of "Flats and Plains", which they were almost equally distributed among study sites. However, they were absent from Lebanon and Al Yarmouk. In addition, "Coastal" landscape types were present only in the cases of the two islands (Cyprus and Lesvos). "Mountainous" landscape types were found only in three study sites Cyprus, Lebanon and Epirus with the latter to have the highest percentage. In terms of land use categories, Shrubland is by far the most common landscape type in Cyprus; however, it was observed only in three study sites (Cyprus, Lebanon and Lesvos). All the other land use categories were found in all study sites with cultivated landscapes to be more abundant in Cyprus, forested landscapes in Epirus and grazed lands in Mujib.
Each study site shares common landscape types derived from common environmental and long human history in the area. The highest similarities were observed on the islands (Cyprus and Lesvos) and the mountainous areas (Lebanon and Epirus), which were then followed by the similarity of the latter to Cyprus, due to the mountainous character of the island itself. However, within each study site, distinctive LCTs were derived, which were originated from the particular conditions prevailing in each country and involve both physical such as "Arid" or "Dead Sea" special character types and anthropogenic ones like "Artificial settled hills" in Lebanon.
While Lesvos and Al Yarmouk are comparable in area, they demonstrated a large divergence in their number of LDUs. This suggests that LDUs are generally larger in Yarmouk and more irregularly shaped as indicated by the higher MSI value. Although smaller, Yarmouk has higher LCT richness unevenly distributed as indicated by the higher dominance value. Mujib is comparable to Epirus and Lebanon study areas, in terms of area extent with fewer LDUs and the highest LCT richness among the three. This suggests that LDUs are larger and irregularly shaped (as indicated by the MSI) while the distribution of area among LCTs is uneven, i.e., a few LCTs are dominant. Cyprus, the largest in extent study area, has the largest number of LDUs and the highest richness of LCTs. The island demonstrates the highest dominance value (ergo the lowest SHEI) compared to the rest study areas suggesting that the distribution among different LCTs is more uneven and therefore a few LCTs dominate the landscape in Cyprus. The lower dominance values in Lesvos and Lebanon indicate that LCTs cover equal surfaces in these case studies. Complexity of a landscape as expressed by its shape (quantified by MSI) reflects boundaries between semi-natural areas, but also management in cultural landscapes. Simple shapes is the norm for agricultural and pastoral landscapes while on mountain or other landscapes dominated by landform or geology boundary types might be more abrupt. In our case, MSI values among study sites are very close demonstrating similarity on the range and types of boundaries present.
Regression showed that landscape diversity (expressed by the number of landscape types and SHDI) is area dependent i.e., the largest the area the highest the landscape diversity. The relationship seems to be analogous to the species-area curve [29] . However, when examining evenness against area size there is no trend since SHEI measures the distribution of area among patch i.e., in this case LDU types. The use of Shannon index for assessing landscape diversity is recommended since it is sensitive to rare landscape types and therefore appropriate for landscape management within an ecological framework [30] . The highest number of landscape types recorded in Cyprus compared to the rest of the study areas should not be attributed only to its size but also to the fact that we mapped the whole range of landscapes within the island's geographical boundaries. Landscape diversity comparisons among regions depend usually on the landscape itself, but also on the way that the methodology has been applied in each region. Despite the effort to streamline the process we cannot exclude elements of subjectivity in the application of the landscape character mapping by the teams involved. In terms of characterization, the findings imply that the 'complexity' of the classification scheme (should) increase as the area increases.
The problems of cross comparison between countries has been addressed by other studies [13, 17] . In the absence of truly unified datasets for the whole area the study relied on nationally available datasets which differed in nomenclature and classification systems. Data issues (availability, accessibility and quality) along with problematic access to some parts of the study areas due to safety and security reasons was also a limitation in addition to semantics in the interpretation of landform types, settlements, and the very term landscape. However, and despite the diverse background of the persons involved in the study, training and protocol development brought the teams closer than before to a common understanding of methods and terms. In the same way that sampling units assist when comparing population samples, a consistent landscape mapping framework can have a similar role when comparing landscape types.
Conclusions
Landscape mapping and identification, a prerequisite for countries signatories to the ELC, is a means to inform landscape planning, develop strategies for landscape conservation and enhancement, or to provide outputs which can be used with other decision-making tools such as Environmental Impact Assessment. For example whereas previously, Greece and Cyprus had recognized a number of outstanding landscapes and landscape features as worthy of protection, they now need to address in their spatial planning all types of landscapes, whether these are outstanding, "every-day" or even degraded and in need of attention. Therefore identifying the variety of landscapes within a country's geographical boundaries is the first step towards landscape oriented planning. The landscape types identified herein form by no means an exhaustive list with the exception of Lesvos and Cyprus, since we did not map the whole range of landscapes within the countries geographical boundaries. The development of the typology requires the sampling of the whole range of landscape units in a geographical area in order to identify the attributes that discriminate between the full complements of landscape types. However, the framework devised herein can be used for a range of applications (ecological, cultural, planning) and has already been adopted by the relevant Planning Departments in Cyprus and Lebanon through their Local/Regional Development Plans. In addition it can assist with infusing ELC principles beyond European boundaries and with the development of a Mediterranean-wide landscape typology as a common language for monitoring landscape changes in a very dynamic and fragile region of the world. 
